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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a cold accu- 
mulating material for extremely low temperature cold for 
use in refrigerators or the like, a refrigerator using the 
same and an extremely low temperature heat shielding 
member, and more particularly to a cold accumulating 
material for extremely low temperature cold in which a 
pressure loss of refrigerant is so small that a refrigerat- 
ing performance thereof can be exerted sufficiently and 
which is easy to process to a configuration reducing the 
pressure loss, a refrigerator using the same and an ex- 
tremely low temperature heat shielding member. 

BACKGROUND ART 

[0002] Recently, superconductivity technology has 
been progressed remarkably and with an expanding ap- 
plication field thereof, development of a small, high per- 
formance refrigerator has become indispensable. For 
such a refrigerator, light weight, small size and high heat 
efficiency are demanded. 

[0003] For example in a superconductive MRI appa- 
ratus, cryopump and the like, a refrigerator based on 
such refrigerating cycle as Gifford MacMahon type (GM 
refrigerator), Starling method has been used. Further, a 
magnetic floating train absolutely needs a high perform- 
ance refrigerator. Further, in recent years, a supercon- 
ductive power storage apparatus (SMES) or a in-mag- 
netic field single crystal pull-up apparatus has been pro- 
vided with a high performance refrigerator as a main 
component thereof. Further, to stabilize the temperature 
of a component material operating under ultra-low tem- 
peratures such as a superconductive wire, supercon- 
ductive device, infrared ray sensor, the cold accumulat- 
ing material for extremely low temperature cold for a 
thermal anchor, heat sink and heat shielding has been 
widely used. 

[0004] FIG. 9 is a sectional view showing a main struc- 
ture of a conventional two-staged GM refrigerator. This 
GM refrigerator 10 has a vacuum container 13 contain- 
ing a first cylinder 1 1 having a large diameter and a sec- 
ond cylinder 12 connected coaxially to the first cylinder 
11. The first cylinder 11 contains a first cold accumulat- 
ing unit 14 which is freely reciprocatable and the second 
cylinder 12 also contains a second cold accumulating 
unit 15 which is freely reciprocatable. Seal rings 16, 17 
are disposed between the first cylinder 11 and first cold 
accumulating unit 14, and between the second cylinder 
12 and second cold accumulating unit 15 respectively. 
[0005] The first cold accumulating unit 14 accommo- 
dates a first cold accumulating material 1 8 made of Cu 
mesh or the like. The second cold accumulating unit 15 
contains a second cold accumulating material 19 made 
of a cold accumulating material for extremely low tem- 
perature cold. The first cold accumulating unit 14 and 



second cold accumulating unit 15 have operating medi- 
um (refrigerant) paths for He gas or the like which are 
provided in gaps of the first cold accumulating material 

18 and cold accumulating material for extremely low 
5 temperature cold 1 9. 

[0006] A first expansion chamber 20 is provided be- 
tween the first cold accumulating unit 14 and second 
cold accumulating unit 15. A second expansion cham- 
ber 21 is provided between the second cold accumulat- 
es ing unit 1 5 and an end wall of the second cylinder 1 2. A 
first cooling stage 22 is provided on a bottom of the first 
expansion chamber 20 and further a second cooling 
stage 23 which is colder than the first cooling stage 22 
is provided on a bottom of the second expansion cham- 
15 ber21. 

[0007] A high pressure operating medium (e.g., He 
gas) is supplied from a compressor 24 to the aforemen- 
tioned two-staged GM refrigerator 10. The supplied op- 
erating medium passes through the first cold accumu- 

20 lating material 18 accommodated in the first cold accu- 
mulating unit 14 and reaches the first expansion cham- 
ber 20, and further passes through the second cold ac- 
cumulating material (second cold accumulating materi- 
al) 19 accommodated in the second cold accumulating 

25 unit 1 5 and reaches the second expansion chamber 21 . 
At this time, the operating medium supplies heat energy 
to the respective first cold accumulating materials 18, 

1 9 so that they are cooled. The operating medium pass- 
ing through the respective first cold accumulating mate- 

30 rials 1 8, 1 9 is expanded in the respective first expansion 
chambers 20, 21 so as to produce cool atmosphere 
thereby cooling the respective cooling stages 22, 23. 
The expanded operating medium flows in the respective 
cold accumulating materials 1 8, 1 9 in opposite direction. 

35 The operating medium receives heat energy from the 
respective cold accumulating materials 18, 19 and is 
discharged. As recuperation effect is improved in this 
process, the heat efficiency of the operating medium cy- 
cle is improved so that a further lower temperature is 

40 realized. 

[0008] That is, in the above described GM refrigerator, 
the operating medium such as compressed He gas 
flows in a single direction in a cold accumulating unit 
filled with cold accumulating materials so that the heat 

45 energy thereof is supplied to the cold accumulating ma- 
terial. Then, the operating medium expanded here flows 
in an opposite direction and receives heat energy from 
the cold accumulating material. As the recuperation ef- 
fect is improved in this process, the heat efficiency of 

so the operating medium cycle is improved so that a further 
lower temperature is realized. 

[0009] As a cold accumulating material for use in the 
above-described refrigerator, conventionally Cu, Pb and 
the like have been used. However, these cold accumu- 
55 lating materials have a very small volumetric specific 
heat in extremely low temperatures below 20K. There- 
fore, the aforementioned recuperation effect is not ex- 
erted sufficiently so that it is difficult to realize the ex- 
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tremely low temperatures. 

[0010] For the reason, recently to realize tempera- 
tures nearer absolute zero, use of magnetic cold accu- 
mulating material made of intermetaliic compound 
formed from a rare earth element and transition metal 5 
element such as Er 3 Ni, ErNi, ErNi 2 , ErRh, HoCu 2 indi- 
cating a large volumetric specific heat in an extremely 
low temperature range has been considered. 
[001 1] The aforementioned magnetic cold accumulat- 
ing material is usually processed to a sphere of 0.1-0.5 
mm in diameter to carry out effective heat exchange with 
the operating medium such as He gas and actually used 
in the form of a magnetic particle. By applying the cold 
accumulating unit filled with the spherical magnetic par- 
ticles to the GM refrigerator, a refrigerating operation to 
produce an arrival lowest temperature of 4K is realized. 
[0012] FIG. 10 is a sectional view showing an exam- 
ple of a structure of a low temperature cold reserving 
unit 30 using the aforementioned GM refrigerator 10, 
specifically a cold reserving unit for a superconductive 
magnet constituting a major part of a superconductive 
MRI unit, magnetic floating train, superconductive pow- 
er storage unit (SMES), in-magnetic field single crystal 
pull-up apparatus and the like. 

[0013] The low temperature cold reserving unit 30 in 
FIG. 10, comprises a superconductive magnet 31 which 
is an object to be cooled, a GM refrigerator 1 0 for cooling 
this superconductive magnet 31 at ultra-low tempera- 
tures, and a plurality of heat shielding members 32 dis- 
posed so as to surround the superconductive magnet 

31, these components being disposed within the a vac- 
uum container 33. The aforementioned plurality of the 
heat shielding members 32 are supported in the vacuum 
container 33 through a supporting member 34. Further, 
there is provided a heat switch 35 for thermally cutting 
off a cooling means such as the refrigerator 1 0 from an 
already cooled object. 

[0014] As the aforementioned heat shielding member 

32, a copper (Cu) plate having a thickness of 1-2 mm is 
widely used. To suppress invasion of heat from outside 
so as to increase cooling efficiency of the overall cold 
reserving system, the heat shielding members 32 are 
disposed in multiple layers. 

[0015] However, different from the conventional GM 
refrigerator in which the refrigerating cycle is as low as 
several Hz, in such a refrigerator carrying out high- 
speed cycle operation like starling refrigerator or pulse 
tube refrigerator in which the refrigerating cycle is sev- 
eral 10 Hz, a pressure loss in the cold accumulating unit 
filled with the aforementioned spherical magnetic parti- 
cles increases so that heat exchange between the op- 
erating medium and magnetic particles becomes insuf- 
ficient. Therefore, the conventional refrigerator has a 
problem in which a sufficient refrigerating capacity can- 
not be exerted. 

[0016] On the other hand, as a measure for reducing 
the pressure loss in the aforementioned cold accumu- 
lating unit, there has been used as a trial such a method 



in which the magnetic cold accumulating materials 
formed in the form of a punched plate or ribbon-shaped 
plate having a plurality of through holes are wound in 
the form of a roll or such a method in which mesh- 
shaped cold accumulating materials are stacked in mul- 
tiple layers so as to form a laminated screen. 
[0017] However, because the aforementioned mag- 
netic cold accumulating material has a very high brittle- 
ness particular in intermetaliic compounds, drilling or 
bending is very hard, and therefore it is substantially dif- 
ficult to reduce the pressure loss in the cold accumulat- 
ing unit by the shape of the cold accumulating materiel. 
[0018] On the other hand, if a refrigerator is stopped 
or low temperature liquefied gas such as helium (He) is 
evaporated in the conventional low temperature cold re- 
serving unit using copper-made heat shielding material, 
the temperature of the heat shielding material rises for 
a short time because the specific heat of copper under 
low temperatures is small so that an effect of preventing 
heat invasion from outside is lost. 
[0019] Further, recently, there has been considered a 
system in which the cooling means is separated from 
an already cooled object and such an object to be cooled 
as the superconductive magnet is operated in a com- 
pact condition. However, because the conventional heat 
shielding material made of only metallic material such 
as copper has a small specific heat, its cold reservation 
effect is small so that an object to be cooled cannot be 
maintained at low temperatures for a long time. 
[0020] As a countermeasure for the above mentioned 
problem, the inventors of this invention have considered 
application of magnetic cold accumulating material 
made of intermetaliic compound containing rare earth 
elements and transition metallic elements indicating a 
large specific heat particularly in extremely low temper- 
ature range such as Er 3 Ni, ErNi, HoCu 2 to composition 
material of the heat shielding material. However, be- 
cause generally the magnetic cold accumulating mate- 
rial is brittle, it is very difficult to process to a sheet-like 
shape having such a size which is used as the heat 
shielding material. 

[0021] A cylindrical heat shielding material as shown 
in FIG. 10 is preferable for an object to be cooled such 
as the superconductive coil, and however, processing 
of the brittle magnetic cold accumulating material to a 
cylindrical shape or curved shape is more difficult as 
compared to processing to a flat shape. 
[0022] On the other hand, the magnetic cold accumu- 
lating material made of rare earth elements such as Nd 
has an inferior specific heat characteristic than the mag- 
netic cold accumulating material made of the interme- 
taliic compound. Further, such material has a relatively 
larger specific heat in extremely low temperature as 
compared to ordinary metals such as Cu and can be 
processed to a sheet like shape. However, generally, the 
heat shielding material is often used in a relatively large 
area shape and used under a condition in which the heat 
shielding material is subjected to application of a large 
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load. However, because the structural strength of the 
heat shielding material made of single rare earth ele- 
ment such as Nd is insufficient, it cannot be applied to 
the heat shielding material without any treatment. 
[0023] The present invention has been achieved to 
solve the above described problems and a first object 
of the invention is to provide a cold accumulating mate- 
rial for extremely low temperature cold capable of exert- 
ing a sufficient refrigerating performance with a small 
pressure loss of refrigerant (operating medium) and 
easy to process to a shape reducing the pressure loss, 
and a refrigerator using the same. 
[0024] A second object of the invention is to provide 
a heat shielding member which is capable of preventing 
an invasion of heat effectively, easy to process to any 
shape and has an excellent structural strength. 

DISCLOSURE OF THE INVENTION 

[0025] To achieve the above object, the cold accumu- 
lating material for extremely low temperature cold ac- 
cording to the present invention is so formed that pores 
of a porous carrier thereof are filled with magnetic par- 
ticles containing a rare earth element. Preferably the po- 
rous carrier is composed of a sheet-shaped porous met- 
al or meshed metal. Preferably, the porosity of the po- 
rous carrier is 90% or more. Further, preferably the po- 
rous carrier is composed of a foamed metal. Further 
preferably the porous carrier is formed in the form of a 
sheet and a plurality of convex portions are formed on 
at least one surface of the porous carrier. 
[0026] Preferably, a cold accumulating material for 
extremely low temperature cold is formed in such a way 
that magnetic particles containing a rare earth element 
are mixed with binding agent, solvent, dispersant and 
plasticizer so as to prepare uniform slurry and the mag- 
netic particles are bonded to each other by forming the 
obtained slurry in the form of a sheet. A cold accumu- 
lating material for extremely low temperature cold 
wherein magnetic particles containing rare earth ele- 
ments are mixed with the binder, solvent, dispersant and 
plasticizer so as to prepare uniform slurry and the mag- 
netic particles are bonded to each other by forming the 
obtained slurry in the form of a sheet. Further, prefera- 
bly, a plurality of gas-passing holes are disposed in the 
sheet-shaped molded object comprising the magnetic 
particles. 

[0027] The refrigerator according to the present in- 
vention includes a cold reserving unit loaded with the 
extremely low temperature cold accumulating material 
formed by filling the pores of the porous carrier with 
magnetic particles containing the aforementioned a rare 
earth element. 

[0028] Preferably the cold accumulating material for 
extremely low temperature colds formed in the sheet like 
shape are loaded in the cold accumulating unit such that 
they are wound in the form of a roll. Further, the cold 
accumulating material for extremely low temperature 



cold is formed of a plate-shaped cold accumulating el- 
ement having a plurality of air passing holes and a plu- 
rality of the cold accumulating elements are stacked in 
multiple layers in the axial direction of the cold accumu- 

5 lating unit. 

[0029] The heat shielding material for extremely low 
temperatures according to the present invention is 
formed by bonding the cold accumulating material for 
extremely low temperature cold prepared in the above 

10 manner to a reinforcement member made of a different 
material from this cold accumulating material for ex- 
tremely low temperature cold. 

[0030] Preferably, the aforementioned reinforcement 
material is made of metallic material of at least one kind 

15 selected from Cu, Al, Fe, Ni or an alloy constituted main- 
ly of the metallic material. Further, the cold accumulating 
material for extremely low temperature cold is a sheet- 
shaped cold accumulating material formed by filling the 
magnetic particles with the pores of the porous carrier 

20 together with the binder. Preferably, the cold accumulat- 
ing material for extremely low temperature cold and re- 
inforcement member are bonded to each other with the 
aforementioned binder. 

[0031] The magnetic particles for use in the present 
25 invention includes magnetic particles composed of, for 
example, intermetallic compound containing a rare 
earth element expressed by 

[Expression 1] 
general formula: RM Z (1) 

(In this expression, R indicates at least one kind of rare 
earth element selected from Y, La, Ce, Pr, Nd, Pm, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm and Yb and M indicates at 
least one kind of metallic element selected from Ni, Co, 
Cu, Ag, Al, Ru, In and Rh and z indicates a number in 
a range of 0.01-9.0 in atomic ratio. The same meaning 
is held in the same expression which comes later) and 
single rare earth element such as Nd. The aforemen- 
tioned magnetic particle can be prepared by mechani- 
cally crushing a mother alloy of a predetermined com- 
position. Further, it may be prepared by processing mol- 
ten metal containing a rare earth element of a predeter- 
mined amount or a molten rare earth element by such 
a rapid cooling method as centrifugal spray method, ro- 
tary disc method (RDP method), inert gas atomizing 
method, single roll method and double roll method. The 
shape of the aforementioned magnetic particle may be 
any shape such as irregular shape or spherical shape. 
[0032] If a diameter of the magnetic particle exceeds 
5 mm, the loading (packing) characteristic to the porous 
carrier is deteriorated. Therefore, the particle diameter 
of the magnetic particle is preferred to be less than 5 
mm, more preferably the particle diameter thereof is less 
than 1 mm and more preferably, the particle diameter is 
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less than 0.2 mm. 

[0033] Preferably, the porous carrier in which the 
magnetic particles are to be loaded is formed of Ni, Cu, 
Pb, Fe, stainlesssteel, Ni alloy, Cu alloy, Pb alloy or Fe 
alloy which has an excellent processing characteristic 
and is cheap. Further, the surface of a main body formed 
of these metals or alloys may be plated with Cr. 
[0034] The aforementioned porous carrier includes 
porous metal such as foamed metal and meshed metal 
formed by weaving metallic wires horizontally and ver- 
tically. 

[0035] The aforementioned porous carrier can be pro- 
duced according to the following process. That is, the 
foamed resin containing continuous air bubbles such as 
urethane is subjected to conductive treatment, the ex- 
ternal surface of the foamed resin is electrically plated 
with metallic components such as Ni, Ni-Cr, Ni-AI, then, 
this is subjected to heat treatment so as to evaporate 
resin component and at the same time, subjected to al- 
loying treatment. As a result, the resin parts are convert- 
ed to pores so that a carrier material of porous metal 
can be obtained. By processing this carrier material to 
a sheet-like shape or block-like shape, the porous car- 
rier for use in the present invention can be obtained. 
[0036] A larger advantage is gained as the porosity of 
the porous carrier is higher, because a larger amount of 
magnetic particles having a large volumetric specific 
heat is loaded under extremely low temperatures. The 
porosity of the porous carrier is preferred to be more 
than 20vol. % and more preferably more than 60vol. % 
and further preferably more than 90vol. %. The porosity 
of the aforementioned porous carrier can be adjusted 
freely in a range of 10-98vol.% by controlling the foam 
degree of the foam resin in the production process. 
[0037] The porous carrier prepared as described 
above can be loaded with a large amount of magnetic 
particles in parallel to an increase of the porosity. Further 
because it has a high specific surface area and all the 
pores communicate, there is produced little air passing 
resistance so that the pressure loss is very small. 
[0038] The cold accumulating material for extremely 
low temperature cold according to the present invention 
is formed by loading the pores of the porous carrier pre- 
pared in the above manner with magnetic particles. In 
the case when heat exchange between the operating 
medium and cold reserving material is applied in the 
cold reserving unit designed for the operating medium 
passing through an interior of the sheet like cold reserv- 
ing material to exchange heat directly with the cold re- 
serving material, the ratio (filling rate) of loading the po- 
rous carrier with magnetic particles is designed to be 
20-90%. If the filling rate is less than 20%, the cold ac- 
cumulating effect by the magnetic particles is not suffi- 
cient although the flow (gas passing) resistance of the 
operating medium is small. On the other hand, if the fill- 
ing rate exceeds 90%, the flow resistance of the oper- 
ating medium increases excessively so that the pres- 
sure loss in the cold accumulating unit is increased 



thereby the cold accumulating effect being reduced. 
[0039] The filling rate mentioned herein refers to a 
rate of a volume of the magnetic cold accumulating par- 
ticles occupying an entire volume (including the porous 

5 carrier) of the sheet-shaped cold accumulating material 
the thickness of which has been finally adjusted by roll- 
ing work which will be described later. 
[0040] In using a cold accumulating unit (gap cold ac- 
cumulating unit) in which heat exchange between the 

to operating medium and cold accumulating material is not 
carried by the operating medium passing through an in- 
terior of the sheet-shaped cold accumulating material 
but by the operating medium passing over the surface 
of a sheet like cold accumulating material having a low 

15 flow path resistance with mainly the cold accumulating 
material, the filling rate of the magnetic particles is 
60-92%. Preferably, the filling rate is 65-88% and more 
preferably 70-85%. If the filling rate is too small, the cold 
accumulating effect by the magnetic particles is re- 

20 duced, and if the filling rate is too large, the magnetic 
particle is distorted by a stress applied upon the filling 
operation so that the characteristic of the magnetic par- 
ticle is deteriorated. 

[0041] By adhering thermoplastic resin such as poly- 
25 vinyl alcohol (PVA) or thermal hardening resin such as 
epoxy resin and polyimide to the surface of the porous 
carrier or magnetic particle as binder, the coupling 
strength between the magnetic particle and porous car- 
rier can be intensified, so that a possibility that the mag- 
30 netic particles drop by a vibration or the like is eliminat- 
ed. As a result, a cold accumulating material for ex- 
tremely low temperature cold excellent in structural 
strength can be obtained. 

[0042] As a method for producing a complex structure 

35 by filling the porous carrier with the magnetic particles, 
a following method can be applied. That is, slurry-like 
paste is prepared by mixing binder and solvent with 
magnetic particles prepared by the aforementioned mol- 
ten metal rapidly cooling method or mechanical crush- 

40 ing method and this paste is equally loaded (uniformly 
packed) in the porous carrier of porous metal or meshed 
metal prepared in the above manner and dried in re- 
duced pressure environment at 100-140°C for 0.5-2.0 
hours so as to remove solvent component. 

45 [0043] By pressing or rolling the porous carrier filled 
with the magnetic particles (powder), the coupling 
strength between the magnetic particles and porous 
carrier is intensified and the thickness of the cold accu- 
mulating material for extremely low temperature cold 

50 formed in the sheet-like shape can be adjusted. 

[0044] The thickness of the aforementioned sheet- 
shaped cold accumulating material for extremely low 
temperature cold is in a range of 0.01-2 mm so as to 
secure an easiness of processing to a predetermined 

55 shape by bending. The thickness is preferred to be 
0.05-1.0 mm and further it is more preferred to be 
0.1-0.5 mm. 

[0045] By rolling the porous carrier filled with the mag- 
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netic particles by means of an embossing roll having an 
uneven surface, a plurality of convex portions can be 
formed on a surface of the porous carrier. When this po- 
rous carrier having the convex portions is wound so as 
to form a cylindrical cold accumulating material for ex- 
tremely low temperature cold, the adjacent porous car- 
riers do not closely contact to each other but are isolated 
by the convex portions. Thus, in a case when this porous 
carrier is applied to the aforementioned gap cold accu- 
mulating unit, the operating medium (refrigerant) such 
as He gas can be circulated smoothly through spaces 
formed by this isolation so that the pressure loss of the 
operating medium can be reduced. 
[0046] Further, as a transition metal or various alloys 
for a composition material of the porous carrier such as 
the aforementioned porous metal and meshed metal, it 
is possible to select those having a higher heat conduc- 
tion (thermal conductivity) under low temperatures than 
the magnetic cold accumulating materia! which can be 
expressed by the aforementioned general formula of 
RM Z . Even if the cold accumulating material for extreme- 
ly low temperature cold of the present invention com- 
posed of the aforementioned porous carrier and mag- 
netic particles is used in the starling refrigerator or pulse 
tube refrigerator for carrying out high-speed cycle oper- 
ation reducing heat penetration depth, heat transfer ac- 
tion by the porous metal or meshed metal is exerted suf- 
ficiently to the magnetic particles loaded in deep por- 
tions of the porous carrier so that heat transfer between 
the magnetic particles, carrier and operating medium is 
exerted rapidly. 

[0047] On the other hand, there may occur a case 
when heat conduction from high temperature side of the 
cold accumulating unit to low temperature side thereof 
is required depending on a design of the cold accumu- 
lating unit. In such a case, as a transition metal or vari- 
ous alloys for composing the porous carrier, conversely 
with the above, it is favorable to utilize a material having 
a low heat conduction in a low temperature range like 
stainless. In this selection, any case can be adopted de- 
pending on a design of the refrigerator or cold accumu- 
lating unit. 

[0048] When the porous carrier filled with the afore- 
mentioned magnetic particles is loaded in the cold ac- 
cumulating unit, it is possible to wind the porous carrier 
in the form of a roll or cut the sheet in an appropriate 
shape. If it is processed in the form of a roll, it is possible 
to stack a plurality of the carriers having a small width 
and load them in the cold accumulating unit. When the 
sheet-shaped carrier is used, two cases can be consid- 
ered, that is, a case when it is loaded with its surface 
being substantially parallel to a flow direction of the op- 
erating medium and a case when it is loaded with the 
surface being perpendicular to the flow direction. If it is 
loaded so that it is perpendicular to the flow direction, 
the surface needs to be drilled or a material having a 
low filling density of the magnetic particles needs to be 
used to secure a flow path of the operating medium. 



[0049] The cold accumulating material for extremely 
low temperature cold having the aforementioned struc- 
ture is formed by filling the pores of the porous carrier 
having a low air passing resistance and excellent 

s processing characteristics and the magnetic particles 
having a high brittleness are held by a porous carrier 
easy to deform. Therefore, the magnetic particles are 
easy to process to a shape reducing the pressure loss. 
Therefore, even if this cold accumulating material is 

1 <> used as a cold accumulating material of the cold accu- 
mulating unit carrying out high-speed cycle operation 
such as the starling refrigerator and pulse tube refriger- 
ator, an operation having a low pressure loss and a high 
heat exchange efficiency is enabled so that a refrigera- 

15 tor having a high refrigerating capacity can be achieved. 
[0050] Further, it is possible to produce a sheet- 
shaped or plate-shaped cold accumulating material for 
extremely low temperature cold by forming crushed 
powder of the aforementioned magnetic particles to a 

20 sheet form or plate form in various methods. That is, the 
magnetic particles prepared in the above method are 
crushed to have an average diameter of several p,m (the 
number of the particles of which diameter is less than 
50\im is more than 70%) and then binder (binding 

25 agent), solvent, dispersant, plasticizer are added to the 
obtained powder as required and mixed uniformly so as 
to prepare a slurry. 

[0051] Although the aforementioned binder is not re- 
stricted to a particular one, polyacrylate, polymetacr- 

30 yiate, cellulose acetate, polyvinyl butyral, polyvinyl alco- 
hol (PVA), polyvinyl butyral (PVB), methyl cellulose, pol- 
yethylene glycols, carboxymethyl cellulose and the like 
can be used as the binder. The solvent which can be 
used includes acetone, toluene, trichloroethylene, ethyl 

35 alcohol, ethyl acetate, water and the like. The dispersant 
which can be used includes glycerol triolate, allyl sulfon- 
ic acid, phosphates and various surface active agents 
(surfactants). The plasticizer to be added to improve the 
flexibility and processing characteristic of the molded 

40 object includes octyl phthalate, butyl benzyl phthalate, 
glycerin, polyethylene glycols, sucrose acetate iso- 
butylate, di-butyl phthalate, di-isodecyl phthalate and 
the like. 

[0052] Then, thus obtained slurry is coated on, for ex- 
45 ample, a metallic plate or plastic film surface to be 
formed in the form of a sheet or the slurry is formed in 
the form of a plate. Although the forming method is not 
restricted to a particular one, doctor blade method, roll 
forming method, gravure coating method and the like 
50 can be used. The cold accumulating material formed in 
the form of a sheet or plate is subjected to heat treatment 
as required so as to evaporate binder and solvent and 
dry the body. 

[0053] Different from the conventional cold accumu- 
55 lating material having a high brittleness, the sheet like 
cold accumulating material formed as described above 
can be deformed to various shapes. For example, if the 
sheet-shaped cold accumulating material is wound in 
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the form of a roll and loaded in the cold accumulating 
unit of a refrigerator, it can be made to function as a cold 
accumulating materiat for extremely low temperature 
cold having a small gas- passing resistance. Then, by 
changing the winding style of the aforementioned sheet- 
shaped cold accumulating material, its gas-passing re- 
sistance can be changed freely. Particularly because 
the shape of the sheet-shaped cold accumulating ma- 
terial can be changed so as to reduce the gas-passing 
resistance, it can be used effectively as a cold accumu- 
lating material of a refrigerator carrying out high-speed 
operation. 

[0054] Further, it is permissible to dry the aforemen- 
tioned slurry directly without being coated on anything, 
form it by press to a plate and use it as a plate-shaped 
cold accumulating material. That is, if a plurality of gas- 
passing holes are made in a direction of the thickness 
of the plate-shaped cold accumulating material and the 
plate-shaped cold accumulating materials are stacked 
in multiple layers in the cold accumulating unit through 
fine spacers, a cold accumulating material having an 
equalized flow of refrigerant (He gas) and small gas- 
passing resistance can be obtained. 
[0055] Although the cross section of the aforemen- 
tioned gas passing hole is not restricted to any particular 
shape, a circular shape which facilitates drilling work is 
preferable. In this case, although the diameter of the gas 
passing hole is in a range of 10u,m - 1 mm, a range of 
20pjn - 300uxn is particularly preferable. Even if the 
cross section of the gas passing hole is other case than 
the circular shape, it is favorable to have a cross section 
equivalent to the circular shape. Although an interval of 
arrangement of the aforementioned gas passing holes 
is set to 20 ujti - 2 mm, a range of 30 - 400 u,m is further 
preferable. A thickness of the plate-shaped cold accu- 
mulating material is preferred to be 0.5 - 5 mm. 
[0056] In a case when the cold accumulating material 
wound in the form of a roll is accommodated in the cold 
accumulating unit, He gas flows as the refrigerant con- 
centratedly in the gap near a center of the roll, so that 
the overall flow of the refrigerant is inclined to be une- 
qual. However, in a case when the plate-shaped porous 
cold accumulating material are stacked in multiple lay- 
ers, the flow of the refrigerant becomes equal so that 
the refrigerating effect can be further raised. The gas 
passing resistance can be adjusted arbitrarily by chang- 
ing the diameter and disposing pitch of the gas passing 
holes. When the aforementioned plate-shaped porous 
cold accumulating materials are stacked in multiple lay- 
ers, as compared to a case when the conventional 
spherical magnetic particles are loaded in the same 
loading rate, the gas passing resistance can be further 
reduced, so that a higher speed cycle operation of the 
refrigerator can be achieved. 

[0057] On the other hand, the heat shielding material 
according to the present invention is formed by bonding 
the cold accumulating material for extremely low tem- 
perature cold prepared in the above manner to the re- 



inforcement member made of a different material from 
this cold accumulating material for extremely low tem- 
perature cold. 

[0058] The aforementioned extremely low tempera- 

5 ture cold accumulating material is prepared in the fol- 
lowing manner. First, binding agent (binder), solvent and 
the like are mixed with the magnetic cold accumulating 
material powder obtained by crushing the magnetic 
powder having the aforementioned composition so as 

10 to prepare a slurry. After that, thus obtained slurry is 
loaded in the pores of the porous carrier and then sol- 
vent components are vaporized so as to form the sheet- 
shaped cold accumulating material. 
[0059] Here, heating or evacuating is effective to va- 

15 porize the solvent components. As the porous carrier, it 
is possible to use a meshed metal composed of fiber 
metal as well as porous metal such as foam metal. As 
a composition material of the porous carrier, such me- 
tallic material as Ni, Cu, Pb, Fe, Al, Ni alloy, Cu alloy, Pb 

20 alloy, Fe alloy, Al alloy and stainless steel is preferable. 
[0060] The porosity of the porous metal or meshed 
metal is more advantageous as it is higher because 
more magnetic cold accumulating material having a 
high specific heat can be loaded therein. Although the 

25 porosity is set to more than 20 vol.%, it is favorable that 
it is more than 60 vol.%, and more than 85 vol.% is fur- 
ther preferable. 

[0061] The transition metal or alloy composing the 
aforementioned porous metal or meshed metal has a 

30 higher heat conduction in low temperatures than ordi- 
nary metallic materials. Therefore, in a case when an 
object to be cooled is cooled by heat transferred from 
the refrigerator, the heat conduction efficiency of the po- 
rous metal or meshed metal is high so that the magnetic 

35 cold accumulating material loaded in the sheet like cold 
accumulating material can be cooled effectively. 
[0062] Although the binding agent (binder) for binding 
the aforementioned magnetic cold accumulating mate- 
rial powder with the porous carrier is not restricted, ther- 

40 moplastic resin such as polyvinyl alcohol (PVA), car- 
boxymethyl cellulose (CMC) and thermosetting resin 
such as epoxy resin and polyimide can be preferably 
used. 

[0063] As the cold accumulating material for extreme- 
45 |y low temperature cold, it is possible to use a cold ac- 
cumulating material prepared by the molten metal rap- 
idly cooling method mentioned below or a cut or rolled 
cold accumulating material. Further it is possible to use 
cold accumulating material processed in the form of thin 
50 piece (flake), needle, or powder by processing the mol- 
ten metal melted under a predetermined composition by 
such molten metal rapidly cooling method as single roll 
method, double roll method and centrifugal spray meth- 
od. In this case, because the thickness of the thin piece 
55 or the diameter of needle-shaped or powder-shaped 
cold accumulating material is less than 0.4 mm, plural 
thin pieces or the like can be bonded to each other in 
the thickness direction using adhesive agent (binding 
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agent). Further, the magnetic cold accumulating mate- 
rial composed of only such rare earth element as Nd 
processed by cutting its ingot or rolling the material in 
the form of a plate can be also used. 
[0064] Because generally the magnetic cold accumu- 
lating material composed of particularly the intermetallic 
compound is of brittle material, it is difficult to process 
to a sheet in industrial scale. However, if the magnetic 
cold accumulating material is formed in the form of a 
relatively small area plate or a chip, it can be produced 
by a method of cutting its ingot or a method of crushing 
the ingot and sintering the crushed powder. 
[0065] In this case, an area of each magnetic cold ac- 
cumulating material is preferred to be in a range of 

1- 1000 cm 2 . A large area plate like magnetic cold accu- 
mulating material in which this area exceeds 1000 cm 2 
is difficult to process and has a small mechanical 
strength, it is liable to be damaged in a process of as- 
sembly to the heat shielding member or during an oper- 
ation. On the other hand, if an object to be cooled having 
a large area is covered with a plate less than 1 cm 2 or 
a chip like magnetic cold accumulating material, the joint 
between adjacent magnetic cold accumulating materi- 
als increases thereby the heat shielding effect being re- 
duced. Therefore, although the area of each magnetic 
cold accumulating material is in a range of 1-1000 cm 2 , 

2- 500 cm 2 is more preferable and 3-100 cm 2 is further 
preferable. Preferably, the thickness of the respective 
magnetic cold accumulating material is 0.5-50 mm. 
[0066] The reinforcement member to which the afore- 
mentioned magnetic cold accumulating material is to be 
bonded has a function for supporting and reinforcing a 
magnetic cold accumulating material which cannot be 
processed to a large configuration or a magnetic cold 
accumulating material having no sufficient structural 
strength as well as the heat shielding effect. As the com- 
position material of the aforementioned reinforcement 
member, not only such metallic materials as Ni, Cu, Fe, 
Al, Ni alloy, Cu alloy, Fe alloy, Al alloy, stainless steel or 
the like but also the epoxy resin and fiber reinforced 
plastic (FRP) can be used. Among the above mentioned 
composition materials, particularly Cu, Al, Cu alloy and 
Al alloy are preferable for the reason that their heat con- 
ductions are high. Further, Fe base metallic material 
such as stainless steel is preferable in viewpoints of 
cheap cost. 

[0067] The extremely low temperature heat shielding 
member of the present invention is formed by bonding 
each of various magnetic cold accumulating materials 
to the aforementioned reinforcement member integrally. 
Here, the binding agent (binder) used for bonding the 
magnetic particles to the porous carrier can be used as 
adhesive agent for bonding the sheet-shaped magnetic 
material in which the pores of the porous earner is filled 
with the magnetic particles to the reinforcement mem- 
ber. 

[0068] That is, by bringing the sheet-shaped magnetic 
cold accumulating material into a contact with the rein- 



forcement member and fixing it thereon before the pores 
of the porous carrier is filled with a slurry prepared by 
mixing the magnetic particles with binding agent, sol- 
vent and the like and the solvent components are va- 

s porized, the sheet-shaped magnetic cold accumulating 
material can be integrally bonded to the reinforcement 
member by the binding agent (binder) which binds the 
magnetic particles with the porous carrier. 
[0069] Further, to intensify close-contacting property 

10 between the magnetic cold accumulating material and 
reinforcement member, reduce heat resistance and in- 
crease the bonding strength between the both mem- 
bers, screwing the magnetic cold accumulating material 
to the reinforcement member or binding the reinforce- 

15 ment member to an external surface of the magnetic 
cold accumulating material using a belt or wire is also 
effective. 

[0070] The heat shielding member having the above- 
described structure can be easily processed to any 

20 shape and this heat shielding member is capable of 
maintaining an object to be cooled at low temperatures 
for a long time. Particularly, this heat shielding member 
is capable of improving the temperature stability of an 
apparatus operated in an extremely low temperature 

25 range such as superconductive wire, superconductive 
device and infrared ray sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 [0071] FIG. 1 is a perspective view showing a cutout 
section of a cold accumulating unit filled with cold accu- 
mulating material for extremely low temperature cold ac- 
cording to the present invention, FIG. 2 is a diagram 
showing a particle structure of the cold accumulating 

35 material for extremely low temperature cold according 
to the present invention and an enlarged view of a por- 
tion II of FIG. 1, FIG. 3 is a perspective view showing 
other example of the cold accumulating material for ex- 
tremely low temperature cold according to the present 

40 invention, FIG. 4 is a perspective view showing a cutout 
section of a cold accumulating unit filled with the cold 
accumulating material for extremely low temperature 
cold according to other example of the present inven- 
tion, FIG. 5 is a sectional view showing an example of 

45 a heat shielding member according to the present in- 
vention, FIG. 6 is a perspective view with a section 
showing other example of the heat shielding member 
according to the present invention, FIG. 7 is a perspec- 
tive view with a section showing other example of the 

50 heat shielding member according to the present inven- 
tion, FIG. 8 is a perspective view showing other example 
of the heat shielding member according to the present 
invention, FIG. 9 is a sectional view showing major parts 
of a GM refrigerator, FIG. 10 is a sectional view showing 

55 an example of a structure of a cold reservation unit using 
the GM refrigerator and heat shielding member and FIG. 
11 is an enlarged sectional view of a portion XI in FIG. 
10. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0072] Next, the embodiment of the present invention 
will be described more concretely with reference to ex- 
amples mentioned below. 5 

Example 1 

[0073] First, ErNi mother alloy was produced by high 
frequency melting method. Next, this ErNi mother alloy 
was mechanically crushed so as to obtain alloy particles 
of less than 200 meshes. Water solution in which poly- 
vinyl alcohol was dissolved in 4 wt% as a binding mate- 
rial was added to the obtained ErNi alloy particles in a 
rate of 25% relative to the alloy powder weight and uni- 
formly agitated so as to prepare a slurry-like paste. 
[0074] On the other hand, a plurality of Ni made po- 
rous carriers (product name: Cerumetto, made by Sum- 
itomo Electric Industries ) of 1 .6 mm in thickness, 50 mm 
in width, 400 mm in length having a porosity of 95 vol. 
% were prepared. 

[0075] Next, the pores of the aforementioned Ni made 
porous carrier are equally filled with the slurry-like paste 
prepared in the above manner and then dried at 120°C 
in the reduce pressure atmosphere (1-100 Torr) for an 
hour so as to evaporate water. As a result, a sheet- 
shaped cold accumulating material in which the ErNi 
magnetic particles adhered to the porous carrier through 
the binding agent was prepared. 
[0076] Next, the obtained sheet-shaped cold accumu- 
lating material was rolled using an embossing roll having 
an uneven surface and consequently, a sheet-shaped 
cold accumulating material for extremely low tempera- 
ture cold having a thickness of 0.8 mm according to the 
Example 1 was prepared. 

[0077] The sheet-shaped cold accumulating material 
for extremely low temperature cold 1 according to the 
Example 1 has a composition structure in which the 
pores 3 of the Ni made porous carrier 2 is filled with a 
plurality of magnetic particles (ErNi alloy powder) as 
schematically shown in FIG. 2. Each of the magnetic 
powders 4 is firmly bonded to the porous carrier 2 
through polyvinyl alcohol as a binding agent. Further, a 
bump of 0.05 mm in height (not shown) is formed on the 
surface of the sheet-shaped cold accumulating material 
for extremely low temperature cold 1 by rolling by means 
of the embossing roll, 

[0078] Next, ends of the obtained sheet-shaped cold 
accumulating materials for extremely low temperature 
cold 1 were spot-welded to join plural sheet-shaped cold 
accumulating materials thereby producing a continuous 
ribbon-shaped cold accumulating material having a 
width of 50 mm. Then, thus obtained ribbon-shaped cold 
accumulating material was wound so as to obtain a roll- 
shaped cold accumulating material for extremely low 
temperature cold. In this roll-shaped cold accumulating 
material, an adjacent sheet-shaped cold accumulating 
material is isolated from the other by the bump (protru- 



sion) formed on the surface thereof. 
[0079] Then, the above-described roll-shaped cold 
accumulating materials for extremely low temperature 
cold 1 were loaded in a cold accumulating unit 5 having 
an internal diameter of 25 mm and a height of 50 mm 
as shown in FIG. 1. The loading ratio of the magnetic 
powder 4 in this cold accumulating unit 5 was 73 vol%. 
This cold accumulating unit 5 was used as a third cold 
accumulating unit of a three-stage pulse tube refrigera- 
tor and operated at an operating frequency of 1 0 Hz. As 
a result, a refrigerating capacity of 0.14 W at 10K was 
obtained. 

Comparative Example 1 

[0080] On the other hand, ErNi alloy prepared at the 
Example 1 was melted and the obtained molten metal 
was diffused by centrifugal spray method. Immediately 
after that, it was cooled rapidly and solidified so as to 
produce spherical magnetic particles. The obtained 
magnetic particles were sieved and spherical magnetic 
particles having a diameter of 0.15-0.18 mm were se- 
lected. Next, the selected magnetic particles were load- 
ed in the cold accumulating unit 5 (25 mm in internal 
diameter x 50 mm in height) used in the Example 1 
shown in FIG. 1. The loading rate of the magnetic pow- 
der 4 in this cold accumulating unit 5 was 62 vol%. 
[0081] Then, the cold accumulating unit 5 filled with 
the spherical magnetic particles was used as the third 
cold accumulating unit of the pulse tube refrigerator like 
the Example 1 and operated under the same conditions. 
As a result, the no-load temperature did not reach 10 K 
but was 16 K. That is, a sufficient refrigerating capacity 
could not be obtained. 

Example 2 

[0082] FIG. 3 is a perspective view showing a shape 
and structure of the cold accumulating material for ex- 
tremely low temperature cold 1 a according to the Exam- 
ple 2. This cold accumulating material for extremely low 
temperature cold 1a was produced by bending the 
sheet-shaped cold accumulating material prepared in 
the Example 1 at intervals in the length direction thereof 
by means of a press so as to create a plurality of convex 
portions 6. By winding the bent sheet-shaped cold ac- 
cumulating material as shown in FIG. 3, a sheet-shaped 
cold accumulating material adjacent in the radius direc- 
tion is separated by the convex portion 6 thereby reduc- 
ing a gas flow resistance in the width direction of the 
sheet-shaped cold accumulating material. 
[0083] Like the Example 1 , the cold accumulating ma- 
terial for extremely low temperature cold 1 a according 
to the Example 2 was loaded in the cold accumulating 
unit 5 shown in FIG. 1, used as the third cold accumu- 
lating unit of the pulse tube refrigerator and operated 
under the same conditions. As a result, a refrigerating 
capacity of 0.11 W at 1 0K was obtained. 
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Example 3 

[0084] In the Example 1 , ErNi magnetic particles were 
loaded in Ni made porous carrier having a thickness of 
2.0 mm and a diameter of 25 mm and porosity of 97% 
so as to prepare a sheet-shaped cold accumulating ma- 
terial. A plurality of holes each having a diameter of 0.2 
mm were drilled at an interval of 0.5 mm in this sheet- 
shaped cold accumulating material. This cold accumu- 
lating material was loaded in the cold accumulating unit 
like the Example 1 and operated as the third cold accu- 
mulating unit of the pulse tube refrigerator under the 
same conditions. As a result, a refrigerating capacity of 
0.1 3W at 10K was obtained. 

[0085] I n the cold accumulating materials for extreme- 
ly low temperature cold 1,1a according to the aforemen- 
tioned respective embodiments, the operating medium 
(refrigerant) such as He gas passes through a flow path 
having a low gas-passing resistance between adjacent 
sheet-shaped cold accumulating materials so as to car- 
ry out heat exchange on the surface of the sheet-shaped 
cold accumulating material. Therefore, even when high 
speed cycle operation is carried out, the pressure loss 
is small and heat exchange rate is high, so that it has 
been made evident that an excellent refrigerating ca- 
pacity can be exerted. 

[0086] Particularly, even if hard processing such as 
forming a coil or roll by winding is carried out, the porous 
carrier is freely deformed so that the magnetic particles 
are seldom broken or damaged. That is, it is possible to 
create to a shape capable of reducing the pressure loss. 
[0087] Comparing the Example 1 with Comparative 
Example, in the case of the Example 1 , the loading rate 
of the magnetic particles relative to the cold accumulat- 
ing unit could be raised without increasing the pressure 
loss, and therefore, it is considered that a large differ- 
ence was produced in the refrigerating capacity. 
[0088] Although according to the above described 
embodiment, the sheet like cold accumulating material 
for extremely low temperature cold was created by load- 
ing the magnetic particles in the porous carrier thereby 
producing complex structure, it is also possible to form 
the sheet-shaped cold accumulating material for ex- 
tremely low temperature cold by combining the carrier 
and magnetic particles in a following method. 
[0089] That is, it is possible to nip or clamp the mag- 
netic particles between the mild metallic sheets of Pb or 
the like and press it so as to combine them integrally 
and form the sheet-shaped cold accumulating material 
for extremely low temperature cold. 
[0090] Further, it is permissible to carry out so-called 
canning which means evacuating and sealing after 
magnetic particles are loaded in a bag member formed 
of metallic material such as Ni, Cu, Pb, Al and roll the 
canned sheet like bag so as to integrally combine the 
metallic material and magnetic particles and then form 
the sheet-shaped cold accumulating material for ex- 
tremely low temperature cold. 



[0091] Further, it is also permissible to pulverize the 
magnetic cold accumulating material to fine particles 
having a diameter of several urn, add binder and solvent 
to thus obtained magnetic powder to prepare a slurry, 

5 form a sheet-shaped molded form from this slurry ac- 
cording to, for example, doctor blade method or roll 
forming method and heat this sheet-shaped molded 
form to evaporate the binder component thereby obtain- 
ing the sheet-shaped magnetic cold accumulating ma- 

10 terial. Further, it is also possible to create a sheet- 
shaped cold accumulating material having a little gas 
flow resistance by drilling the above mentioned sheet 
like molded form. 

[0092] Further, it is also possible to coat the surface 
15 of the magnetic particles with a metal having a low melt- 
ing point and not reacting with the magnetic particle-like 
Pb by mechanical alloying method, forming the coated 
magnetic particles in the form of a sheet, subjecting the 
obtained formed object to heat treatment to melt the low 
20 melting point metal and couple the magnetic particles 
with each other by this low melting point metal thereby 
producing the sheet-shaped magnetic cold accumulat- 
ing material. 

[0093] Next, the plate like cold accumulating material 
for extremely low temperature cold produced by molding 
pulverized magnetic particles will be described with ref- 
erence to the following examples. 

Example 4 

[0094] A mother alloy of magnetic material having 
such a composition as HoCu 2 was prepared by high fre- 
quency melting method. This mother alloy was crushed 
by using jaw crusher, hammer mill, and ball mill succes- 
sively so as to prepare magnetic alloy powder having 
an average particle diameter of 10u.m. Relative to alloy 
powder weight, acrylic resin of 7 wt% as binder, methyl 
isobutyl ketone (MIBK) of 70 wt% as solvent and di-butyl 
phthalate of 2.8 wt% as plasticizing agent were added 
to this magnetic alloy powder and mixed with alumina 
ball by a pot roller for 24 hours so as to prepare a uniform 
slurry. 

[0095] After the obtained slurry was dried, it was 
sieved with #60 sieve so as to adjust the particle diam- 
eter. This dried powder was loaded in a mold and mold- 
ed by a molding pressure of 1 80 kg/cm 2 so as to produce 
a plate like cold accumulating material having a diame- 
ter of 28 mm and a thickness of 1 mm. Further, as shown 
in FIG. 4, gas passing holes (through hole) of 100 u.m 
in diameter were mechanically drilled at a pitch of 
200u,m in this plate-shaped cold accumulating material. 
Further, the obtained cold accumulating material plate 
having a plurality of the holes was degreased in nitrogen 
gas environment at 700°C for two hours so as to pro- 
duce a plate-shaped porous cold accumulating material 
1b. 

[0096] Then, thus obtained 50 pieces of the plate- 
shaped porous cold accumulating materials 1b were 
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stacked in multi-layers in the axial direction of the sec- 
ond stage cold accumulating unit 5a of the 2-stage ex- 
pansion type pulse tube refrigerator as shown in FIG. 4 
with a teflon made mesh material inserted in each gap 
between the plates as a spacer in a process of assembly 
of a refrigerator. This refrigerator was operated at the 
frequency of 20 Hz. As a result, the no-load temperature 
reached 4.0 K and an excellent refrigerating capacity 
was obtained. 

Comparative Example 2 

[0097] The mother alloy (HoCu 2 ) prepared in the Ex- 
ample 4 was melted and the obtained molten metal was 
dispersed and rapidly cooled and solidified by centrifu- 
gal spray method (RDP) so as to prepare spherical mag- 
netic particles. Thus obtained magnetic particles were 
sieved to select spherical magnetic particles having di- 
ameter of 0.15-0.18 mm. The magnetic particles were 
loaded in the second stage cold accumulating unit 5a of 
the pulse tube refrigerator used in the Example 4 and a 
refrigeration test was carried out under the same condi- 
tions as the Example 4. The no-load temperature was 
13.2K. 

Example 5 

[0098] A mother alloy of magnetic material having 
such a composition as Er 3 Ni was prepared by high fre- 
quency melting method. This mother alloy was crushed 
by using jaw crusher, hammer mill, and ball mill succes- 
sively so as to prepare magnetic alloy powder having 
an average particle diameter of 8 urn. Relative to alloy 
powder weight, acrylic resin of 6 wt% as binder, methyl 
isobutyl ketone (MIBK) of 70 wt% as solvent and di-butyl 
phthalate of 2.5 wt% as plasttcizing agent were added 
to this magnetic alloy powder and mixed with alumina 
ball by a pot roller for 24 hours so as to prepare a uniform 
slurry. 

[0099] Next, the obtained slurry was formed accord- 
ing to doctor blade method so as to prepare a long 
sheet-shaped cold accumulating material having a 
width of 60 mm and a thickness of 300j±m. 
[0100] Next, gas passing holes (through hole) of 
200nm in diameter were mechanically drilled at a pitch 
of 300 u.m in this sheet-shaped cold accumulating ma- 
terial. Thus obtained porous sheet-shaped cold accu- 
mulating material was wound so as to obtain a roll- 
shaped cold accumulating material having a diameter 
of 28 mm and a height of 60 mm, and then degreased 
in nitrogen gas environment at 700°C for two hours so 
as to produce an cold accumulating material for ex- 
tremely low temperature cold according to the Example 
5. 

[01 01 ] Such a roll-shaped cold accumulating material 
for extremely low temperature cold according to the Ex- 
ample 5 was loaded in the second stage cold accumu- 
lating unit of the two-stage expansion type pulse tube 



refrigerator in a process of assembly of a refrigerator. 
Then, this refrigerator was operated at the frequency of 
20 Hz. As a result, the no-load temperature reached 
4.5K and an excellent refrigerating capacity was ob- 
5 tained. 

Comparative Example 3 

[0102] The mother alloy (Er 3 Ni) prepared in the Ex- 
10 ample 5 was melted and the obtained molten metal was 
dispersed, rapidly cooled and solidified by centrifugal 
spray method (RDP) so as to prepare spherical magnet- 
ic particles. The obtained magnetic particles were 
sieved to select spherical magnetic particles having di- 
15 ameter of 0.15-0.18 mm. The magnetic particles were 
loaded in the second stage cold accumulating unit of the 
pulse tube refrigerator used in the Example 5 and the 
refrigeration test was carried out under the same condi- 
tions as the Example 5. As a result, the no-load temper- 
20 ature was 17.0 K. 

Example 6 

[0103] Nd molten metal was dispersed and cooled 
25 rapidly according to Ar gas atomizing method so as to 
prepare magnetic powder. The obtained powder was 
sieved to select particles having a particle diameter of 
less than 100 urn. Water solution in which polyvinyl al- 
cohol was dissolved in 2 wt% concentration as binder 
30 was added to the obtained Nd powder 20% per powder 
weight and kneaded uniformly so as to prepare slurry- 
like paste. 

[0104] On the other hand, a plurality of Ni made po- 
rous carriers (product name: Cerumetto, made by Sum- 
35 itomo Electric Industries ) of 1 .6 mm in thickness, 50 mm 
in width, 400 mm in length having a porosity of 95 vol. 
% were prepared. 

[0105] Next, the pores of the aforementioned Ni made 
porous carrier are equally filled with the slurry-like paste 
40 prepared in the above manner and then dried at 120°C 
-in the reduce pressure atmosphere (1-100 Torr) for an- 
hour so as to evaporate water. As a result, a sheet- 
shaped cold accumulating material in which the Nd 
magnetic particles adhere to the porous carrier through 
45 the binding agent was prepared. 

[01 06] Next, the obtained sheet-shaped cold accumu- 
lating material was rolled using an embossing roll having 
an uneven surface and consequently, a sheet-shaped 
cold accumulating material for extremely low tempera- 
50 ture cold having a thickness of 0.8 mm according to the 
Example 6 was prepared. 

[0107] A bump of 0.05 mm in height is formed on the 
surface of the sheet-shaped cold accumulating material 
for extremely low temperature cold according to the Ex- 
55 ample 6 by rolling by means of the embossing roll. 
[01 08] Next, ends of the obtained sheet-shaped cold 
accumulating materials for extremely low temperature 
cold 1 were spot-welded to join plural sheet-shaped cold 
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accumulating materials thereby producing a ribbon- 
shaped cold accumulating material having a width of 50 
mm. Then, the obtained ribbon-shaped coid accumulat- 
ing material was wound so as to obtain a roll-shaped 
cold accumulating materia! for extremely low tempera- 5 
ture cold. In this roll-shaped cold accumulating material, 
an adjacent sheet-shaped cold accumulating material is 
isolated from the other by the bump (protrusion) formed 
on the surface thereof. 

[0109] Then, the above described roll-shaped cold 10 
accumulating material for extremely low temperature 
cold was loaded in a cold accumulating unit having an 
internal diameter of 25 mm and a height of 50 mm. This 
cold accumulating unit was used as the second stage 
cold accumulating unit of the two-stage pulse tube re- 15 
frigerator and operated at an operating frequency of 20 
Hz. As a result, the no-load temperature was 6.3K and 
an excellent refrigerating capacity was obtained. 

Comparative Example 4 20 

[01 1 0] On the other hand, a round bar having a diam- 
eter of 50 mm and a height of 300 mm was produced 
using Nd prepared in the Example 6. Nd molten metal 
was dispersed according to rotational electrode process 25 
(REP) in which the obtained Nd round bar was used as 
an electrode and melted, at the same time, cooled rap- 
idly and solidified so as to prepare spherical magnetic 
particles. The obtained magnetic particle groups were 
sieved so as to select spherical magnetic particles hav- 30 
ing a diameter of 0. 1 5-0. 1 8 mm. Next, the selected mag- 
netic particles were loaded in the cold accumulating unit 
(25 mm in internal diameter x 50 mm in height) used in 
the Example 6. 

[01 1 1] Then, the cold accumulating unit filled with the 35 
spherical magnetic particles was used as the second 
cold accumulating unit of the pulse tube refrigerator as 
like the Example 6 and operated under the same con- 
dition. As a result, the no-load temperature did not reach 
6.3K but was 1 8.2K. Therefore, a sufficient refrigerating 40 
capacity could not be obtained. 

[01 1 2] Next, the heat shielding member for extremely 
low temperature cold according to the present invention 
will be described with reference to the following exam- 
ples. 45 

Example 7 

[0113] HoCu 2 mother alloy was produced by high fre- 
quency melting method. Next, this HoCu 2 mother alloy 50 
was mechanically crushed so as to obtain alloy powder 
of less than 200 mesh. Next, water solution in which pol- 
yvinyl alcohol was dissolved in 4 wt% concentration as 
binder was added to the obtained HoCu 2 alloy powder 
in a rate of 25% relative to alloy powder weight and 55 
kneaded uniformly so as to prepare a slurry-like paste. 
On the other hand, a plurality of Ni made porous carriers 
(product name: Cerumetto, made by Sumitomo Electric 



Industries) having a thickness of 1.6 mm, width of 50 
mm and length of 400 mm and porosity of 95 vol.% were 
prepared. 

[0114] Next, the pores of the above described Ni 
made porous carrier was equally filled with the prepared 
slurry-like paste so as to prepare a sheet-shaped cold 
accumulating material 36a. 

[0115] On the other hand, as shown in FIG. 5, a bot- 
tomed cylindrical reinforcement member (for a first lay- 
er) 37a having a diameter of 200 mm x height of 300 
mm and a reinforcement member 37b (for a second lay- 
er) having a diameter of 230 mm and height of 350 mm, 
both being made of Cu material having a thickness of 1 
mm were prepared. Before the binder of the aforemen- 
tioned sheet-shaped cold accumulating material 36a 
was dried, the sheet-shaped cold accumulating agent 
36a was bonded to an external surface of the respective 
reinforcement members 37a, 37b. That is, an excessive 
amount of the aforementioned paste was coated be- 
tween the respective sheet-shaped cold accumulating 
material 36a and the reinforcement members 37a, 37b 
made of Cu such that it exuded through the Ni made 
porous carrier and the sheet-shaped cold accumulating 
material 36a was bonded with the reinforcement mem- 
bers 37a, 37b made of Cu by adhesive force of polyvinyl 
alcohol which was a binding component in the paste. 
[0116] Further, to improve the heat transfer between 
the sheet-shaped cold accumulating material 36a and 
the reinforcement members 37a, 37b, the sheet-shaped 
cold accumulating member 36a was fixed by screws 38. 
After that, this was dried in reduced pressure atmos- 
phere at 120°C for an hour and consequently, as shown 
in FIG. 5, heat shielding members 39a, 39b in which the 
sheet-shaped cold accumulating member 36a and rein- 
forcement members 37a, 37b were bonded to each oth- 
er were prepared. 

[0117] On the other hand, magnetic particles made of 
Er 3 Ni instead of the aforementioned HoCu 2 was loaded 
in the pores of the Ni made porous carrier so as to pre- 
pare the sheet-shaped cold accumulating material 36b 
as shown in FIG. 5. Further, as shown in FIG. 5, a bot- 
tomed cylindrical reinforcement member (for a third lay- 
er) 37c having a diameter of 260 mm x height of 400 
mm, a bottomed cylindrical reinforcement member (for 
a fourth layer) 37d having a diameter of 290 mm x height 
of 450 mm and a bottomed cylindrical reinforcement 
member (for a fifth layer) having a diameter of 310 mm 
and height of 500 mm, each made of Cu material having 
a thickness of 1 mm were prepared. 
[0118] Then, the sheet-shaped cold accumulating 
material 36b containing Er 3 Ni magnetic particles was 
bonded to the external surface of the respective rein- 
forcement members 37c, 37d, 37e integrally, and con- 
sequently, the heat shielding members 39c, 39d, 39e as 
shown in FIG. 5 were prepared. 

[0119] The heat shielding members 39a-39e for the 
first layer-fifth layer prepared as described above were 
disposed coaxially in the vacuum container 33 as a heat 
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shielding member of the low temperature cold reserving 
unit 30 shown in FIG. 10 so as to produce a low temper- 
ature cold accumulating unit for cooling a superconduc- 
tive magnet 31 . Meanwhile, as the heat shielding mem- 
bers for the sixth layer - tenth layer, the conventional 5 
heat shielding members 32 made of Cu material having 
a thickness of 1 mm alone where disposed coaxially as 
shown in FIG.11. 

[0120] In the low temperature cold reserving unit 30 
assembled in the above manner, totally ten layers of the 10 
heat shielding members 39a-39e, 32-32 were cooled by 
the two-stage cooling type GM (Gifford MacMahon) re- 
frigerator 10. After that, the heat switch 35 was turned 
off to separate a thermal contact between the GM refrig- 
erator 10 and heat shielding member. In this condition, *5 
the surface temperature of the heat shielding member 
39a was measured. As a result, the temperature which 
arrived at 4.0 K by the cooling operation of the GM re- 
frigerator 10 still remained at 5.0 K 100 hours after the 
GM refrigerator 10 was separated and thus, an excellent 
heat shielding performance could be confirmed. 

Example 8 

[0121] HoCu 2 alloy ingot was prepared by high fre- 
quency melting method, this ingot was mechanically cut 
and subjected to grinding work so as to prepare a plu- 
rality of chip like magnetic cold accumulating materials 
each 20 mm vertically, 20 mm horizontally and 3 mm 
thick. 

[0122] On the other hand, a bottomed cylindrical re- 
inforcement member having the same size as the rein- 
forcement members 37a, 37b for the first layer and sec- 
ond layer used in the Example 7 was prepared. Among 
the aforementioned chip-shaped magnetic cold accu- 
mulating materials, the chip-shaped magnetic cold ac- 
cumulating material to be joined to a side of the afore- 
mentioned reinforcement member was subjected to fin- 
ishing work to produce a curved surface coinciding with 
a curvature of the side of the reinforcement member. On 
the other hand, the chip-shaped magnetic cold accumu- 
lating material to be joined to a bottom of the reinforce- 
ment member was kept flat. 

[0123] The chip-shaped magnetic cold accumulating 
material finished to the curved surface was bonded to a 
side of the aforementioned reinforcement member 
(made of Cu) through ethyl-2-cyanoacrylate adhesive 
instantaneous adhesive agent (Aron Alfa: made by Toa 
Gousei Chemical Industry Co., Ltd ) and the flat chip- 
shaped magnetic cold accumulating material was bond- 
ed to the bottom of each reinforcement member in the 
same manner. Because the square-shaped chip-like 
magnetic cold accumulating member was incapable of 
a circular bottom of each reinforcement member, a chip 
coming out of the periphery of the bottom was finished 
to a shape of that periphery. As a result, a heat shielding 
member (for the first and second layers) in which the 
chip-shaped magnetic cold accumulating material was 



bonded to the reinforcement member integrally was pre- 
pared. 

[01 24] On the other hand, by bonding the chip-shaped 
magnetic cold accumulating material made of Er 3 Ni 
processed in the same manner to the side and bottom 
of the reinforcement members (for the third - fifth layers) 
made of Cu prepared in the Example 7, the heat shield- 
ing materials for the third layer - fifth layer were pre- 
pared. 

[0125] By disposing the heat shielding members for 
the first layer - fifth layer prepared in the above manner 
coaxially in the vacuum container 33 as heat shielding 
member for the low temperature cold reserving unit 30 
shown in FIG. 10, a low temperature cold reserving unit 
for cooling the superconductive magnet 31 was assem- 
bled. As the heat shielding members for the sixth layer 

- tenth layer, the conventional heat shielding members 
32 made of only Cu material having a thickness of 1 mm 
were disposed coaxially as shown in FIG. 11. 

[0126] In the low temperature cold reserving unit 30 
assembled as described above, totally ten layers of the 
heat shielding members were cooled by the two-stage 
cooling type GM (Gifford MacMahon) refrigerator 1 0 and 
after that, the heat switch 35 was turned off so as to sep- 
arate a thermal contact between the GM refrigerator 10 
and heat shielding members. Then, in this condition, the 
surface temperature of the heat shielding material was 
measured. As a result, by the cooling operation of the 
GM refrigerator 10, the temperature which arrived at 
4. OK still remained at 6.7 K even 1 00 hours after the GM 
refrigerator 10 was separated, and an excellent heat 
shielding characteristic was confirmed. 

Example 9 

[0127] Nd metallic lump was hot-rolled in inert gas en- 
vironment so as to prepare a sheet-shaped magnetic 
cold accumulating material having a thickness of 3 mm. 
On the other hand, the aforementioned sheet-shaped 
magnetic cold accumulating material was bonded to the 
external surface of the Cu made reinforcement mem- 
bers of the first layer - fifth layer prepared in the Example 
7 using epoxy adhesive agent (Sumikadain: made by 
Sumitomo Kagaku Kogyo Kabushiki Kaisha). To im- 
prove heat transfer between the respective Nd made 
magnetic cold accumulating material and Cu made re- 
inforcement member, both the members were screwed 
together with fixing screws 38 in the same method as 
shown in FIG. 5. 

[0128] The heat shielding members for the first layer 

- fifth layer prepared in the above manner were disposed 
coaxially in the vacuum container 33 as heat shielding 
member of the low temperature cold reserving unit 30 
shown in FIG. 10 to assemble a low temperature cold 
reserving unit for cooling the superconductive magnet 
31. As the heat shielding members of the sixth layer - 
tenth layer, the conventional heat shielding members 32 
made of only Cu material having a thickness of 1 mm 



20 
25 
30 
35 
40 

45 

i 

50 
55 



13 



25 



EP 0 870 814 B1 



26 



as shown in FIG. 11 were disposed coaxially. 
[0129] In the low temperature cold reserving unit 30 
assembled as described above, totally ten layers of the 
heat shielding members were cooled by the two-stage 
cooling type GM (Gifford MacMahon) refrigerator 1 0 and 
after that, the heat switch 35 was turned off so as to sep- 
arate a thermal contact between the GM refrigerator 10 
and heat shielding members. Then, in this condition, the 
surface temperature of the heat shielding member was 
measured. As a result, by the cooling operation of the 
GM refrigerator 10, the temperature which arrived at 
4. OK still remained at 8.2 K even 1 00 hours after the GM 
refrigerator 10 was separated and an excellent heat 
shielding characteristic was confirmed. 

Comparative Example 5 

[0130] A low temperature cold reserving unit of the 
Comparative Example 5 was assembled by the same 
structure as the Example 7 except that the all the heat 
shielding members of the first layer - tenth layer were 
configured of the conventional heat shielding members 
made of only Cu material having a thickness of 1 mm 
as shown in FIG. 11. 

[0131] In the low temperature cold reserving unit 30 
assembled as described above, totally ten layers of the 
heat shielding members were cooled by the two-stage 
cooling type GM (Gifford MacMahon) refrigerator 1 0 and 
the heat switch 35 was turned off so as to separate a 
thermal contact between the GM refrigerator 10 and 
heat shielding member. In this condition, the surface 
temperature of the heat shielding member was meas- 
ured. As a result, by the cooling operation of the GM 
refrigerator 10, the temperature which arrived at 4.0 K 
rose to 22 K rapidly 100 hours after the GM refrigerator 
10 was separated and it was confirmed that the heat 
shielding effect was low. 

[0132] The above described examples show heat 
shielding members in which a sheet like or chip like mag- 
netic cold accumulating material was bonded to the ex- 
ternal surface of the reinforcement member made of Cu 
integrally. The magnetic cold accumulating material is 
capable of exerting the same heat shielding character- 
istic even if it is bonded to either outside or inside of the 
reinforcement member. 

[01 33] By bonding a magnetic cold accumulating ma- 
terial 40, 40 on both sides of the reinforcement member 
37 as shown in FIG. 6, a heat shielding member 41 ex- 
cellent in heat shielding characteristic providing a high 
cold accumulating effect was obtained. Further, it is per- 
missible to form a heat shielding member 44 having dou- 
ble structure of the reinforcement members 42 and hav- 
ing cold accumulating powder 43 contained therebe- 
tween as shown in FIG. 7. Further, it is also permissible 
to form a heat shielding material 46 in which the cold 
accumulating powder 43 was loaded in a pipe-shaped 
reinforcement material 45 as shown in FIG. 8. In this 
case, the binder may be mixed with the cold accumulat- 



ing powder 43 as required. 

[0134] The heat shielding members according to the 
above described Examples can be processed to an ar- 
bitrary shape and are capable of maintaining an object 
5 of be cooled under low temperatures for a long time, so 
that the temperature stability of an apparatus operating 
under extremely low temperatures such as a supercon- 
ductive wire, superconductive device, infrared ray sen- 
sor and the like can be improved largely. 

10 

INDUSTRIAL APPLICABILITY 

[0135] As described above, the cold accumulating 
material for extremely low temperature cold according 
15 to the present invention is formed by filling the pores of 
the porous carrier excellent in processing characteristic 
having a low gas-passing resistance with magnetic par- 
ticles so that the magnetic particles having a high brit- 
tleness are supported by the porous carrier easy to de- 
20 form. Therefore, this material is easy to process to a 
shape having a small pressure loss such that the mag- 
netic particles are not cracked or damaged. Therefore, 
if the material is used as a cold accumulating material 
for a refrigerator operated in high speed cycles such as 
25 the starling refrigerator and pulse tube refrigerator, an 
operation having a small pressure loss and a high heat 
exchange efficiency is enabled so that a refrigerator 
having a high refrigerating capacity can be realized. 
[0136] Further, the heat shielding member according 
30 to the present invention can be easily processed to an 
any shape and is capable of maintaining an object to be 
cooled under low temperatures for a long time. 
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35 Claims 

1 . A cold accumulating material for extremely low tem- 
perature cold wherein pores of a porous carrier 
thereof are filled with magnetic particles containing 

*o rare earth element. 

2. A cold accumulating material for extremely low tem- 
perature cold according to claim 1 , wherein said po- 
rous carrier is made of a sheet-shaped porous met- 

4 5 al or a meshed metal. 

3. A cold accumulating material for extremely low tem- 
perature cold according to claim 1, wherein a po- 
rosity of said porous carrier is 90% or more. 

50 

4. A cold accumulating material for extremely low tem- 
perature cold according to claim 1 , wherein said po- 
rous carrier is a foamed metal. 

55 5. a cold accumulating material for extremely low tem- 
perature cold according to claim 1 , wherein said po- 
rous carrier is formed in a form of a sheet and a 
plurality of convex portions are formed on at least 
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one surface of said porous carrier. 

6. A process for the production of a cold accumulating 
material for extremely low temperature cold accord- 
ing to claim 1 wherein magnetic particles containing 
a rare earth element are mixed with binder, solvent, 
dispersant and plasticizer so as to prepare a uni- 
form slurry and the uniform slurry is molded to form 
a sheet-shaped molded body so that said magnetic 
particles are bonded to each other. 

7. A process according to claim 6, wherein a plurality 
of gas-passing holes are disposed in said sheet- 
shaped molded body comprising the magnetic par- 
ticles. 

8. A refrigerator including a cold accumulating unit 
filled with the cold accumulating material for ex- 
tremely low temperature cold according to any one 
of claims 1 to 5 or obtained by a process according 
to claim 6 or 7. 

9. A refrigerator according to claim 8, wherein said 
cold accumulating material for extremely low tem- 
perature cold is loaded in said cold accumulating 
unit such that said cold accumulating material is 
wound in a shape of a roll. 

10. A refrigerator according to claim 8, wherein said 
cold accumulating material for extremely low tem- 
perature cold is formed of a plurality of plate-shaped 
cold accumulating elements each having a plurality 
of gas-passing holes and said plurality of the cold 
accumulating elements are stacked in multiple lay- 
ers in an axial direction of said cold accumulating 
unit. 

1 1. A heat shielding member for extremely low temper- 
ature wherein a cold accumulating material for ex- 
tremely low temperature cold according to any one 
of claims 1 to 5 or obtained by a process according 
to claim 6 is integrally bonded to a reinforcement 
member made of a different material from said cold 
accumulating material for extremely low tempera- 
ture cold. 

12. A heat shielding member for extremely low temper- 
ature according to claim 11 , wherein said reinforce- 
ment member is made of metallic material of at least 
one kind selected from Cu, Al, Fe, Ni and an alloy 
constituted mainly of said metallic material. 

1 3. A heat shielding member for extremely low temper- 
ature according to claim 11, wherein said cold ac- 
cumulating material for extremely low temperature 
cold is a sheet-shaped cold accumulating material 
formed by filling pores of a porous carrier with mag- 
netic particles together with a binder. 



14. A heat shielding member for extremely low temper- 
ature according to claim 1 3, wherein said cold ac- 
cumulating material for extremely low temperature 
cold and said reinforcement member are bonded to 
5 each other with said binder. 



Patentanspruche 



10 1 . Ein Kaltespeichermaterial fur sehr niedrige Tempe- 
raturen, bei dem Poren eines porosen Tragers mit 
magnetischen Partikeln gefullt sind, die ein Sel- 
tenerdelement enthalten. 

15 2. Kaltespeichermaterial fur sehr niedrige Temperatu- 
ren nach Anspruch 1 , bei dem der porose Trager 
aus einem blattformigen porosen Metall Oder einem 
netzformigen Metall hergestellt ist. 

20 3. Kaltespeichermaterial fur sehr niedrige Temperatu- 
ren nach Anspruch 1 , bei dem die Porositat des po- 
rosen Tragers 90 % oder mehr betragt. 

4. Kaltespeichermaterial fur sehr niedrige Temperatu- 
25 ren nach Anspruch 1 , bei dem der porose Trager 

ein geschaumtes Metall ist. 

5. Kaltespeichermaterial fur sehr niedrige Temperatu- 
ren nach Anspruch 1 , bei dem der porose Trager in 

30 Form eines Blatts ausgebildet ist und eine Mehrzahl 
von konvexen Abschnitten auf mindestens einer 
Oberflache des porosen Tragers ausgebildet sind. 

6. Ein Verfahren zur Herstellung eines Kaltespeicher- 
35 materials fur sehr niedrige Temperaturen gemafc 

Anspruch 1 , bet dem magnetische Partikel, die ein 
Seltenerdelement enthalten, mit einem Bindemittel, 
einem Losungsmittel, einem Dispersant und einem 
Plastifizierungsmittel gemischt werden, urn eine 
40 einheitliche Aufschlammung herzustellen, und bei 
dem die einheitliche Aufschlammung geformt wird, 
um einen blattformigen Formkorper auszubilden, 
derart, dass die magnetischen Partikel aneinander 
gebunden werden. 

45 

7. Verfahren nach Anspruch 6, bei dem eine Mehrzahl 
von Gasdurchgangslochern in dem blattformigen 
Formkorper angeordnet sind, der die magnetischen 
Partikel umfasst. 

50 

8. Eine Kaltemaschine, die eine Kaltespeichereinheit 
umfasst, die mit dem Kaltespeichermaterial fur sehr 
niedrige Temperaturen gemafl einem der Anspru- 
che 1 bis 5 oder mit dem Kaltespeichermaterial fur 

55 sehr niedrige Temperaturen, das durch ein Verfah- 
ren nach Anspruch 6 oder 7 erhalten worden ist, ge- 
fullt ist. 
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9. Kaltemaschine nach Anspruch 8, bei der das Kal- 
tespeichermaterial fur sehr niedrige Temperaturen 
derart in die Kaltespeichereinheit eingebracht ist, 
dass das Kaltespeichermaterial in Form einer Rolle 
aufgewickelt ist. 5 

10. Kaltemaschine nach Anspruch 8, bei der das Kal- 
tespeichermaterial fur sehr niedrige Temperaturen 
in Form einer Mehrzahl von blattformigen Kalte- 
speicherelementen ausgebildet ist, die jeweils eine io 
Mehrzahl von Gasdurchgangslochern aufweisen 
und bei der die Mehrzahl der Kaltespeicherelemen- 

te in mehreren Schichten in einer axialen Richtung 
der Kaltespeichereinheit gestapelt sind. 

15 

11. Ein Hitzeschildelement fur sehr niedrige Tempera- 
turen, bei dem ein Kaltespeichermaterial fur sehr 
niedrige Temperaturen gemad einem der Anspru- 
che 1 bis 5 oder ein Kaltespeichermaterial fur sehr 
niedrige Temperaturen, das durch ein Verfahren 20 
nach Anspruch 6 erhalten worden ist, integral mit 
einem Verstarkungselement verbunden ist, das aus 
einem von dem Kaltespeichermaterial fur sehr nied- 
rige Temperaturen verschiedenen Material ausge- 
bildet ist. 25 

1 2. Hitzeschildelement fur sehr niedrige Temperaturen 
nach Anspruch 11, bei dem das Verstarkungseie- 
ment aus einem metallischen Material von minde- 
stens einer Art ausgewahlt aus Cu, Al, Fe und Ni 30 
und einer Legierung hergestellt ist, die vorwiegend 
aus dem metallischen Material aufgebaut ist. 

1 3. Hitzeschildelement fur sehr niedrige Temperaturen 
nach Anspruch 11, bei dem das Kaltespeicherma- 35 
terial fur sehr niedrige Temperaturen ein blattformi- 
ges Kaltespeichermaterial ist, das durch Fullen von 
Poren eines porosen Tragers mit magnetischen 
Partikeln zusammen mit einem Bindemittel ausge- 
bildet wird. 40 

14. Hitzeschildelement fur sehr niedrige Temperaturen 
nach Anspruch 13, bei dem das Kaltespeicherma- 
terial fur sehr niedrige Temperaturen und das Ver- 
starkungseiement mit dem Bindemittel miteinander 45 
verbunden sind. 



Revendi cations 

1 . Materiau d'accumulation de froid a temperature ex- 
tremement basse, dans lequel des pores d'un ma- 
teriau porteur poreux sont remplies de particules 
magnetiques contenant un element de terres rares. 

2. Materiau d'accumulation de froid a temperature ex- 
tremement basse selon la revendication 1, dans le- 
quel ledit porteur poreux est realise d'un metal po- 



30 

reux en forme de feuille, ou d'un metal grillage. 

3. Materiau d'accumulation de froid a temperature ex- 
tremement basse selon la revendication 1 , dans le- 
quel la porosite dudit porteur poreux est de 90 % ou 
plus. 

4. Materiau d'accumulation de froid a temperature ex- 
tremement basse selon la revendication 1, dans le- 
quel ledit porteur poreux est un metal spongieux. 

5. Materiau d'accumulation de froid a temperature ex- 
tremement basse selon la revendication 1, dans le- 
quel ledit porteur poreux est forme sous la forme 
d'une feuille, et en ce qu'une pluralite de parties 
convexes sont formees sur au moins une surface 
dudit porteur poreux. 

6. Procede pour la production d'un materiau d'accu- 
mulation de froid a temperature extremement basse 
selon la revendication 1 , dans lequel des particules 
magnetiques contenant un element de terres rares 
sont melangees avec un liant, un solvant, un agent 
de dispersion et un agent plastifiant de maniere a 
preparer une boue uniforme, et la boue uniforme 
est moulee pour realiser un corps moule en forme 
de feuille, de sorte que lesdites particules magneti- 
ques sont collees les unes aux autres. 

7. Procede selon la revendication 6, dans lequel une 
pluralite de trous de passage de gaz sont menages 
dans ledit corps moule en forme de feuille compre- 
nant les particules magnetiques. 

8. Refrigerateur incluant une unite d'accumulation de 
froid remplie du materiau d'accumulation de froid a 
temperature extremement basse selon I'une quel- 
conque des revendications 1 a 5, ou obtenu par un 
procede selon I'une ou I'autre des revendications 6 
et 7. 

9. Refrigerateur selon la revendication 8, dans lequel 
ledit materiau d'accumulation de froid a temperatu- 
re extremement basse est charge dans ladite unite 
d'accumulation de froid de telle maniere que ledit 
materiau d'accumulation de froid est enroule sous 
la forme d'un rouleau. 

10. Refrigerateur selon la revendication 8, dans lequel 
ledit materiau d'accumulation de froid a temperatu- 
re extremement basse est forme d'une pluralite 
d'elements d'accumulation de froid en forme de pla- 
que, ayant chacun une pluralite de trous de passa- 
ge de gaz, et ladite pluralite d'elements d'accumu- 
lation de froid sont empiles en couches multiples 
dans une direction axiale de ladite unite d'accumu- 
lation de froid. 
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11. Element formant ecran thermique a temperature 
extremement basse, dans lequel un materiau d'ac- 
cumulation de froid a temperature extremement 
basse en accord avec Tune quelconque des reven- 
dications 1 a 5, ou obtenu par un procede en accord 5 
avec la revendication 6, est colle de maniere inte- 
grate a un element de renfort realise en un materiau 
different dudit materiau d'accumulation de froid a 
temperature extremement basse. 

10 

12. Element formant ecran thermique a temperature 
extremement basse selon la revendication 1 1 , dans 
lequel ledit element de renfort est realise en un ma- 
teriau metailique d'au moins un type choisi parmi 

Cu, Al, Fe, Ni, et un alliage constitue principalement is 
dudit materiau metailique. 

13. Element formant ecran thermique a temperature 
extremement basse selon la revendication 11 , dans 
lequel ledit materiau d'accumulation de froid a tern- 20 
perature extremement basse est un materiau d'ac- 
cumulation de froid en forme de feuille forme en 
remplissant les pores d'un porteur poreux avec des 
particules magnetiques, ensemble avec un liant. 

25 

14. Element formant ecran thermique a temperature 
extremement basse selon la revendication 1 3, dans 
lequel ledit materiau d'accumulation de froid a tem- 
perature extremement basse et ledit element de 
renfort sont colles Tun a I'autre avec ledit liant. 30 
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